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A proposed program for the education of the citizen

in science, which would start at the kindergarten level

by LINUS PAULING

[r s mrossiBLE 1o DENY that science has played a
major part in determining the nature of the modern
world. The food that we eat, the clothes that we wear,
the means of transporlation that we use in going from
place to place, the medicines that keep us well, the
weapons that we use in killing each other have all been
changed in recent years through scientific discovery.

it may well be contended that the world is now in a
dangerous situation because science and its applications
have developed faster than the understanding of the
average citizen. It is evidently of great importance
to attempt to improve this situation through a program
of education of the citizen in science. The world in
modern times has continued to move toward the ideal
democratic system, in which all important decisions are
made by the people as a whole. In order for this
system to operate correctly the citizen must have knowl-
edge enough of the world to make the right decisions;
and in the modern world this means that the citizen
must have a significant understanding of science.

Nearly everyone has some knowledge about science
in the modern world. We know that stockings used to
be made from silk, a fiber spun by the silkworm, and
are now made in large quantities from an artificially
spun fiber, nylon. We know that penicillin, a substance
made by a mold, is a very effective medicine for protect-
ing us against bacterial infection, and that chlorampheni-
col and aureomycin are effective even against some of
the virus diseases. We know that power can be trans.
parted from one place to another by the flow of elec-
tricity along wires, and that this How of electricity is
in fact the movement of charged elementary particles,
electrons, along the atoms that constitute the wire. We
know that, through the advance of physics during the
last half century, man has discovered how to release the
immense amounts of energy that are stored up in the
nuclei of atoms; and we know that this knowledge is
being used in the manufacture of atomic bombs. We
know that uranium and thorium could be used to gener-
ate electric power, through the release of the energy
stored up in the nuclei of the uranium and thorium
atoms, and that the known deposits of minerals contain-
ing these elements could provide all of the energy
required for the world, at the present rate of use, for
thousands of years.

It is evident that these are important facts, thal con-
tribute to the determination of the nalure of the modern
world. In order to get an idea of how important science
is to the modern world, we might ask how many scientific
facts are now known, in comparison with the number
of non-scientific facts. How great a fraction of all of
the knowledge possessed by man is now scientific
knowledge?

It is impossible to answer this question precisely,
because we have no scale for measuring the comparative
importance of a scientific fact and a non-scientific fact.
Nevertheless, it may be of interest to consider the rate
at which our store of scientific knowledge is being in-
creased. During the year 1949 the journal Chemical
Abstracts, which attempts to review all of the current
publications in chemistry and closely related fields,
contained abstracts of 70,000 papers in the field of
chemistry. Many of these papers report only one con-
tribution to knowledge, which might be described as
one new scientific fact. Some of them report two or
more contributions to knowledge that might be described
as separate new scientific facts—the subject index of
Chemical Abstracts for 1949 lists 220,000 items. 1
believe that we may say, as a rough approximation,
that about 100,000 new chemical facts are being dis-
covered each year, at present. Perhaps we may multiply
this number by 10, to include other sciences as well as
chemistry, and thus reach the rough conclusion that
about one million new scientific facls are being dis-
covered each year.

How many significant non-scientific facts are added
to man’s body of knowledge each year? A non-scientific
fact may be a historical event, an artistic creation, a
historical, economic, or social correlation, a new general
idea published in a paper or book. Il is, of course,
impossible to define a non-scientific fact rigorously in
such a way as to be equivalent Lo a scientific facl.
Nevertheless, we might attempt to estimate how many
significant, non-ephemeral items of new non-scientific
information we have aboul the world, al the end of
1949, that we did not have at the beginning of the
year. It seems to me that the number of these non-
scientific facts may well be much less than one million;
and that we may accordingly be justified in saying that
scientific knowledge is at least roughly equivalent in
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its significance to the modern world to non-scientific
knowledge, at the present time.

Chemistry and the Average Man

The average citizen has a much better understanding
of the non-scientific aspects of the modern world than
of its scientific aspects. His knowledge has been obtained
in part through his studies in school, and in part through
his reading and personal experiences. The great mass
of people have not had education extending beyond the
elementary school, and have accordingly received no
instruction in science at all, or at most one or two years
of instruction, in geography and general science. The
nature of science is such that it is dificult for a man
to begin its study without help; accordingly those people,
constituting the great mass of the people in the world,
who have not studied science in any form in school in
general remain ignorant of science throughout their
lives, except to the limited extent that scientific informa-
tion is provided by personal experience.

Because of the nature of chemistry, the average man
knows less about chemistry than about other sciences.
He knows about many physical phenomena through his
own observation—he knows that objects fall toward the
earth, that hot bodies emit light and heat, that an
electric spark may pass between two conductors at
different potentials, that a body continues to move in
a straight line unless acted on by some force (he may
recognize that the curved path followed by a projectile
reflects the effect of the gravitational attraction of the
earth on the projectile), and so on. With this knowledge
from personal experience, he is able to understand
simple explanations of new discoveries in the field of
physics, and to appreciate their significance to him and
to the world as a whole. Similarly, he has had personal
experience with phenomena in the field of biology,
geology, medical sciences, mechanical technology, and
other fields, which permit him to develop an increased
understanding of their nature and their significance in
the modern world. His personal experiences with chemi-
cal phenomena may, however, be very limited—be
limited perhaps to the observation of the chemical
reactions that occur in combustion. Chemical phenom-
eny, involving the conversion of substances into other
substances, which may have entirely different properties,
are so surprising in their nature that it is difficult for
a man to develop an appreciation of them withoutl
instruction. The average man accepts the facts of chem-
istry that are significant to him, such as the combustion
of gasoline with oxygen in an engine to produce
mechanical power, as wonders that are not to be under-
stood; and it is not surprising that he may occasionally
be led to believe that some new device, offered for sale
to him, can be attached to his automobile engine to
permit water to be used as fuel in place of gasoline.

This example illustrates one way in which increased
scientific knowledge is of value to man in the modern

world. The welfare of the individual is determined
in considerable part by the decisions that he makes
about his own actions; in general, by the way he spends
his money. Much of his money is spent in response to
advertising appeals that are based on his understanding
or misunderstanding of science. The principle of caveat
emptor has become far more dangerous to the citizen
than it was in the simple, non-scientific world of past
centuries. The citizen is asked to buy products contain-
ing ozium, arium, durium—and he is not told what these
substances (if they are substances, and not just names)
are. Ozium is to be sprayed around within the house,
to kill all insects, destroy all cooking odors, protect
against disease by killing germs too. Presumably the
name ozium was selected because of the hope that the
reader of the advertisement would confuse it with ozone,
about whose germicidal properties he might have heard.
He is asked to buy wonderful new green medicines, con-
taining chlorophyll. Whatever substances, perhaps
effective, may be present in the medicines, the advertiser
counts on the chlorophyll to sell them. He is banking
on the possession of a smattering of scientific informa-
tion by the reader-—and on his lack of possession of
more than a smattering. He hopes that the reader will
remember that chlorophyll is the wonderful substance
in the leaves of green plants, that purifies the air. He
hopes that the reader does not know much more—that
he does not know that the only thing that chlorophyll
is known to do is to absorb carbon dioxide from the
air and to liberate oxygen; and that chlorophyll that
has been extracted from the plant has, so far as any
scientist has been able to discover, no action as a
medicine, no activity whatever. Moreover, he must be
hoping that the reader of the advertisement will not
even think enough to ask why he does not eat a green
leaf, a small spoonful of cooked spinach, or other green
vegetable, in order to get his chlorophyll, instead of
paying a hundred times as much money for inactive
chlorophyll in a pill.

In this, and in many similar ways, it is of individual
importance to the citizen in the modern world to have
an Increased understanding of the scientific aspects of
the world.

The citizen who is trained in science may also be
expected to exercise his political rights more effectively
than one not trained in science, both because of his
greater understanding of the nature of the modern world
and because of his understanding of the scientific method,
the way in which conclusions can be drawn from facts.
Understanding of the scientific method confers on him
the scientific attitude, which gives him an increased
chance of reaching the right decision about political and
social questions as well as about scientific questions.

One value of training in the scientific method is that
it leads to skepticism about all generalizations, “laws
of nature.” What do we mean by a law of nature? We
mean that a number of facts have been seen to be related
to one another in such a way as to justify a general









